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Identification and Toxicological Assessment of Thermal Degradation Products of 
Organic Constituents of Parts Comprising LLNL Designs 

Anne E. Lipska-Quinn and Ronald D. Lopez 

PURPOSE 

‘The Foals of Phase II of the Non Rad Toxics Project were: .> 

‘, 

, 

1 1. ‘Tt., identify and quantify the major chc2micals comprising smoke -from 
snkJ:jering plastics rn& prevale(It in the LLNL designed weapons as 
well as materials unique to LANL designed weapons and SANDIA 
parts iound in the LLNL and LANL weapons. 

: L. 7’0 p&-rrn Loxic assessment ci the identified chemicals ur;ing exi&ng : 
literature infcrmation or TOPKAT, a computer program designed for 
toxit assessment of organic and certain organo-metallic compour,ds. 
This project was in support of the ARG Program needs #15, Table XI, 
Accident Response Group. 

APPROACH 

The plastics chosen for this study were obtained largely from PANTEX. 
Solme of the materials were individual pieces of plastics such as polyurethane, 
polycarbonate, or cellular silicone, while others were small pieces of various 
cable insulations which consisted of several layers of different types of plastics. 
This was done to determine whether smoke generated from plastic composites, a 
more realistic scenario in an accident, would contain a more complex and/or 
more toxic chemical mixture. 

The assessment of the toxic nature of the major components in the smoke 
was done with the computer program TOPKAT. This program estimates toxic 
effects of chemi.cal structures using statistical quantitative structure activity 
relationships (QSPR) techniques, including discriminant and regression analysis. 

EXPERIMENTAL 

Sample Preparation 

Finely divided samples weighing 1 g. each were placed in a glass 
pyrolyzer which was enclosed in a tube oven capable of being heated up to 
1000°C. Samples were placed in the center of the pyrolyzer and heated to 



temperature resembling that of smoldering conditions for a period of time 
needed to completely degrade the samples. One end of the pyrolyzer was 
connected to an air/inert gas inlet, which supplied a gentle stream of air or 
nitrogen during the course of sample heating as well as swept the generated 
smoke into a cold trap, which was connected, to the pyrolyzer at its exit. The cold 
trap was placed in a Dewar filled with liquid nitrogen. At the end of pyrolysis, 
the cold trap was brought to room temperature and the liquid contents were 
diluted with lml of ethylene chloride. Prior to analysis, 10 microliters of 
n-decane (an internal standard) were added to the mixture. 

Sample Analysis 

The mixture was analyzed via a Hewlett-Packard gas chromatograph 
equipped with a mass spectrometer. Two microliters of the sample were injected 
on a fused-silica capillary column (J&W, DBl, bonded phase, 0.25pm phase 
thickness, 30 m x 02 mm). The inlet mode was spiltless with an injector’s 
temperature of 250°C. A programmed temperature setting were as follows: initial 
temperature 50 “C, hold 5 min, increase at 5°C /min to 250°C and hold 20 min. 

The separated components were identified with the mass spectrometer by 
comparing the fragmentation patterns of the unknown compounds to those of 
known compounds compiled in a spectral library system. 

Toxic assessment of the major components comprising the various 
mixtures was done with TOPKAT. The major areas considered were: 
carcinogenicity, developmental toxicity potential (DTP), mutagenicity (AMES), 
Rat Oral LD50, Rat Chronic Lowest Observed Adverse Effect (LOEL), Rabbit Eye 
Irritation and Rabbit Skin Irritation. 

RESULTS 

Results are tabulated in terms of chromatograms and Excel spreadsheets. 
The spreadsheets list the name of the main liquid chemicals their amounts 
(nanograms/microliter and their toxic assessment. The abbreviation CBE is used 
when values could not be estimated and IND refers to indeterminate values. The 
six modules used in the toxic assessment studies are summarized as follows: 

Rodent Carcinogenicity 

The Rodent Carcinogenicity Module comprises four statistically significant 
and cross-validated quantitative structure-toxicity relationship (QSTR) models, and 
the data from which the models are derived. Sub-models have been developed for 
each sex/species: Male Rat, Female Rat, Male Mouse, and Female Mouse. Molecular 
structure is the only input required to conduct a carcinogenicity assessment. These 
discriminate models compute the probability of a submitted chemical structure being 
a carcinogen in male and female rats and male and female mice. 



Toxicity values are computed by summing the individual contributions for 
assessing toxicity values such as LD,, or LC,,. This sum is transformed into a 
weight/weight unit (mg/kg). For two group classifications, such as carcinogens/ 
noncarcinogens this sum is transformed into a probability value between 0.0 to 0.30 
and is considered low or negative probabilities. Probabilities greater than 0.30, but 
less than 0.70, are considered to be a indeterminate (IND) response in an 
experimental assay, whereas probability values greater than 0.70 are considered high, 
and are likely fn I -reduce a highl;- positive response in an experimental assay. 

DTP 

‘!-he DTF -21 D~s:elop~ental Te.1 irity Po!+,iizl px!d& camp! ISIS &:.ree 
statistically significant and c;os s jr$i<;.-‘ec~ .yapLijfFbt+;e ::r;,ll~ture-to-:icity relat&-,: .?i;~ 
c-.,.&s :lr?cJ the &at?. fro=: T/csi<zl the ~:~,:r:;;‘-c::: 31’~ c+.~x~rcd. H3ci-t model. applies to a 
specific class cf rhcn ;ic&. ~.~foie~l-&r ;: r’ ‘.- L ,,.-ture is <he onlv iilg,ui: required to conduci a 
DTi’i’ assessment. These discriminznt -Todels compute th: probability of a submitt 
chemical structure being a developmei?tal toxic&n! in the rat. A probability betwee,: 
0.0 and 0.29 indicate a low potential for developmental toxicity. The probability 
range between 0.3 and 0.7 refers to indeterminant (IND). The probability range from. 
0.7 to 1.0 signifies a high potential for developmental toxicity. These models are 
derived from 273 experimental studies extracted from approximately 3,000 open 
literature sources. 

(AMES) Mutagenicity 

The Ames Mutagenicity Module comprises 10 statistically significant and 
cross- validated quantitative structure - toxicity relationship (QTSR) models, and the 
data from which the models are derived. Each model applies to a specific class of 
chemicals. Molecular structure is the only input required to conduct a mutagenicity 
assessment. These discriminant models compute the probability of a submitted 
chemical structure being a mutagen in the histidine reversion assay; a probability 
below 0.29 indicates a non-mutagen (NEG), (NO), and that above 0.7 signifies a 
mutagen @‘OS), (YES). The probability range between 0.3 and 0.7 refers to the 
indeterminate zone (IND). These models are derived from the results of 1866 
histidine reversion assays using SaZmonziZa tyjphimuvium strains. Experimentally, a 
chen+al is considered NEG only if it does not show any mutagenic activity in all 
tested strains. 

Rat Oral LD 50 

The Rat Oral LD,, module comprises 19 statistically significant and cross 
validated quantitative structure-toxicity relationship (QSTR) models, and the data 
from which the models are derived. Each QSTR model assesses oral acute median 



lethal dose, LD,,, in the rat of a specific class of chemicals. Molecular structure is the 
only input required to conduct an LD,, assessment. These models are derived from 
experimental LD,, values of approximately 4,000 chemicals. 

Rat Chronic LOAEL 

The Rat Chronic Lowest Observed Adverse Effect (LOAEL) module comprises 
statistically significant and cross-validated quantitative structure-toxicity relationship 
(QSTR) models, and the data from which the model :: are derived . These *r.odels are 
derived ;rom experiment21 LOAEL values of api Txi;ximatelv 393 chemicals. Each 
QSTR model assesses the lowest observed adverse effect le;el in the rat from oral 
chrc,l-G.- .?xpobtirc . Moieder strucllire is the or.ls; ill!, ,-::‘; :~qui?--J tc l-0’ :.-iuct a 
LC.4E.T , ar2ssment. 

>-.abbf: z-ye Ip{taiion 
Or - 
Rabbti Skin Irritation 

This model estimates the severity of eye or skin irritation if a rabbit eye or 
skin irritation test were performed on the compound of interest. Separate equations 
are used for compounds with rings and compounds without rings. For compounds 
with rings there are two submodels: the first separates severes from all others; the 
second separates moderate/severes from negative/milds. For colmpounds without 
rings, the first submodel separates severes from all others, and the second separates 
negatives from all others. The results from the two submodels are used in a decision 
table to produce the composite estimate of eye or skin irritation severity. 

Excel spreadsheets show that all the plastics form smoke during smoldering 
that contains chemicals that are skin and eye irritants. Of these, a number are 
categorized as severe eye and skin irritants. The TOPKAT analysis also shows that 
smoke from the various plastics contains considerable amounts of carcinogens and 
some mutagens. Plastics responsible for production of chemicals identified as having 
moderate or high developmental toxicity potential are polystyrene, nomex, 
polyurethane and cellular silicone. The combination of polyurethane, nylon, and 
polyvinyledene fluoride yields a mixture with greater number .of chemicals witI; high 
developmental toxicity potential. On the whole most of the chemicals identified 
exhibit reasonably high Rat Oral LD,,. The Rat Chronic Lowest Observed Adverse 
Effect in most cases requires exposure of the rat to chemicals at reasonably high 
concentrations. Exception to this observation is shown in 1.3mglkg of 
cyclopropanecarboxylic acid, 2,2-dimethyl-3-2 formed from viton, 3.1 mg/kg of 2.3- 
dihydro-benzofuran and 4.lmg/kg pyrazine, methyl-4 oxide both formed from 
polycarbonate, 1.5mg/kg l.l’-ethenylidene bis-benzene from polystyrene, 4.7mg/kg 
2-pentanone,3-methyl from neoprene and teflon insulation. 



CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

Results of this preliminary study show that smoke from all plastics 
investigated contains some chemicals that are carcinogens, mutagens, as well as 
eye and skin irritants. Results also suggest that a smoldering pile of several 
different kinds of plastics will lead to production of smoke that will contain more 
complex and more toxic mixture of chemicals. This study should be extended to 
other plastics ti;clt due to lack c; funds were omitted. In addition,. these rczAlts 
should be compared with findings from measurements done on smoke 
;~:1ler;?tw’L lrom flaz&g con-k: :‘.$n y;riere temperatures ;;re much hig?er, :::?.i+ 
ic turr: il>zy lez? ta differcb2t tvDe ::! c’nemical mixtures. 
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!e?d.4,:-(1 -mefhyle~hylib&e)di - .- _. -. . -.. .._. 

n&e.3- methyl .- 

Ilhallc anhydnde 

_- 

Developmental 
Toldcitr Chronic LOAEL Amount nl ---__ --._ -.__ 

-a_-..---- 14W& 119.3 -_-_---... ___._ 

No 3.5 g/kg 2.2 -~----.-.-.----- . . --_ __ .._ 

-----ii= 
--__-.-.--__.--. _... ._. 

3.l_a/k_a -__.--..-.- _-. ___ ._. __ --..?,? _ 
-.---.----____- --_--. _. _,_. __ 

No 388 mq/kg 0.875 ---._.___-_-_.-.-. --__ _ ___.. _ __ __ 

LOW . ..- e!!?mg/h- . . ._ .-_ f-e!. .._ 
---.--__--...-..- . . . . . - - .- 

MODERATE . .._ -3?._ms/!s _._ 0.73 ._- _ _ 

HIGH 47mg/kg 0.61 
-------.-._- ..^ - .._._..-.. -- -.-. ._ 

HIGH 1.3 g/kg 1.8 ~---_-_ .-. _..... -._--_ _.. - . _ 

No 118mg/ka ____ -_.. ---.-..---. ._ _.. 3?!-. 
__.---.- _--. .__ _-... _ _ _ _. .- __ 

No 65!!!eL . .._ -. 0.62 ------- ._- -_- - ._._ --.- 

No 40 W!a 0.11 -___- __..____ -- -. .-. . _. 

LOW 54 wkg 0.02 --.-_--. .--.- .- --..- _ ..-._. 
------.-.- 

No ~- 131 f!!!!g . . -._--. --??5.-. 
-__._._--._----- .-.. - .~.. .-. ._-.- 

No 839 me/kg . .._ -_ ._.. ..__~ .__... - _?A ____ 
l__--------.--- ._ -. . -_- 

No 4.2*@ 12.6 - __-- ---.._ .._.._ _ 
_.._. --_- __-__. .._. _ 

LOW 130 mg/ks 3.7 ---. ..- _-. _ 

LOW 219 mgkg 4.5 .---_- - -- ..- -... ___.. _. 
___-.- _... . ..-. .__-_ _ 

LOW 87 ma/kg 3.7 -_.- ^.. -_- .-- . -- _ _ _.,,_ .._ -_ 
.._ --.- .__-.. -- .._. -_ .,._ 

No 139 mglkg 35.8 ----. ..- -.-. --- .-.~._ __ _ _ _. 
-__I_._ _-_- ..---- --. ..- - 

No _._ ~.G!!!!4~.~ ..__.__. __ . . 8.5 

No !!Ws.-.. _ _ _ 2.63 - -..---_- .__.. _.__ 

LOW 266 rng/ke 8.5 ..-......._.___ --- ..__.__... - . ..__ -.. . . . .._ ----.----. ^---.- .-- .._ .-- - ._ ..__. 
No 1.3 mg/kg 3.7 
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Polystyrene. S 1 
1. - .- T ---. --- --T- ------ .- -T------- -l-----T-- -__ r---- __- . . r ------. - ..- -,. -..-.._ _ 

-- Chemical 

Compound 

Cydopentank,methyi .- ‘. 

Carcinogenicity 
AMES 

htagenicity _ Rat Oral 

LOW 

Lo 5. 

--. 
400 mg/kg 

Toluene -. 
..- - ._.-._- 

.._._. -.. - _._. 
.._.~._ _- 

-_. _ _. _. - .- .-.- 
1 .I’-(3-mthjCl_ pmpene -1.3- diyl)bi:knzem _. - ..-. ~. .-- ..- .._.._^-.. -. 

. _..- . . . . . . .._.. -__- ___ 
1 -methyl-Z-phenyl-1 hindde _ _ -. _.. ..-_ ..-... _ .._-._ 

@-+c+-&i+)- Benzene LOW HIGH lfiw No LOW _ .- .._._. -..-. ---_ _.. ____ __----- 

[ 1, i ‘-Bpheny!l:4-carboxaldehyde 
-. .__-_I 

HIGH LOW No - Low HGH ^ _._ ._ ___..___ -_. _ .-... __ -..-_- --.-.--.- ------- 

i,!‘-cl,?-etjwn&iyl) bii+.ten2en& 
__. . . _--_. _.- ..__. __..---.--- 

6 
-- 

LOW LOW LOW _ =!L_~~ ._.___ --_---__ .- .-- -..- ---.--_- 

2- &omo-1;2-diphenyl-~&none No No WGli LOW No 

1 -methy~3-(Z-phenylethenyl)-(i j-&m& HIGH LOW No LOW No 

1.5 g/kg 

1 .rg/k# 

4.2 e/kg 

1.8 g/kg 

4.5 a/kg 

--- 
moERATE MODERATE HGH’ -- __--. -.--l.sg/kg -_.--._ -. 

___- _ _._- -.- _.--___.__ 
CtlE YVERE LOW --- 524 w&u .-.._ ----..----_-_-_- __._ -. -. ._. 

CBE SEVERE HGI ._-- lo- 

--.-- - ---. -.-.- _-__I.-_-_ .-_._-_- -.._ _. __ .___ 
SEVERE SEVERE HGH 65 mg/kg ----.--- _-_ ---- ____.__. -._-._--_.- _. . 

CEE -- 
.- ------ ---- - -.- _“. -.-__-. _.- --.-- 

-RATE 
.-._ . _.. . 

WGH log/kg 
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------.-r----- --- 

I 
Propane,2,2’-[ethylidenebis(oxy)lbis _.-_ - _ -. -._ ..---_-. 
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Cable 215260 I 
I . . -- -T---T---- 

----_____ 
----I-- ‘I 

1 .--..-I -__-.--.._ 
------I 

Material: polyvinylacetate _._. -_-.--.-__-_ Carcinogenicity 
oe~cd 

tllitotii uodd Toxic& I Y _.__ 

LO 50 Eye s&l -- .- 
No 4.4s/kg SEVERE YWRE LOW --..-- 

~&&+J,~&$~~ -. .------------ 
I 

2.7 LOW _ _...._..__ --..-.-- Low lai rc;Gli - taGH _ 

folulene .- 
_ . .._..... - _- ___. _ 

4.7 Low HGti IH, LOW No 

~++rli! 5.25 HIGH LOW LOW LCBi- No _ -. - ._..___ .--.._-__---- ____.__ 

I 
2.4 g/kg SEVERE 

--_- 
SEVERE HIGH -_-. 

3.3 g/kg 
----- 

5EvmE MamATE LOW _- 

SWERE @amriaATE log/kg LOW 

..- ..__ .- .._. -_-- 

aenzene,, ,? -dimethyi --... . .- . ..--.-..- -.-- 
.__. . .-... . __-. --.---.. 

-. . . . . .._ .-- .^.._ -...-.. _. ..-.. 
1.3,5,7-Cyclooctatetrae - _.. - . . -...-..- --.- 

-I- 

.__ 

_- 
I_- 

~--_-._.-_.--___. _.___ 

chraic LOAEL AmOm ng ------- .._.. -_ .-_ 

---.- __--_ ---- - -__ _.__._ 
-m--.- _... -.-‘- ____ 
------ -... - __--._ 

84.6 m#kg 27.6 .-----__. 

18.6 rngiii 15.06 --_.- ._.----..-. 

4”~~ 
--- --_. - -... 

---_i 29.05 

------ .-_--.._-_ 
861 ma/_le 18 .__.. -.-- ._-._ 

_.-.-___-__ ---- ____ 
193 rn@J 5.25 - -_-.- --..-. _ 

--- .._. _._ .-- .-.__ __. 
.-.JOz%t!!~ ___ _. --S.s_S __.. 

439!!!%!!!I -- _.-. - _... ?c!? ._._ 

_--_-- ___._ __. _----.. 
827 *ka 17.95 --- - ____^ -_._-.-_ 

I_- .-__ --..-._ .- ._.. --. - 
8.7wkg 6.77 -- - . . . _ --_.- -_- _... 

_-----_.- _-._- --.-.-- 
259 mg/kg 8.78 --_-.__- 

.~_.^ .--._ .-.-__- 
311 mgJkg 52.8 -- - .--__- 

--.--_--...- 
52.8 mgJkg 9.46 -_-.--__. 

183mg/kg 
---_-_.__ 

9.8 .---. ------ 
----.-- .-__. 

921 ~~--~~G!L ~- 



I-- Cable I 
I - ---f- - 1 -.-- -~-_I 
Maleliat pdyhyhcetate 
I 

I*- 
. . --_ _ ----___ TlpD Carcinogenicii 

-km* w 
-k- _ _, ~__r .-(t+) wan. -a = w 

em20thiam __.._. .--. -..- .-.__ -- .___-___ 18.6 t#Gi- m;H LOW LOW - - 

215260 --- 
clmnicLoAEL Amountq -.----de _--__ .._ - 

---.i-- ---- - .-__ _. __. 
~!!w%l- 56 -- -.--.._._ L -___ 

----- -.._ -.-- . ..__ 
5.5 m@g 11.4 ---~---_- _ 

- --_-.- -._ 
7Q mnrhL_ 20.44 --- ----.-_ 

--- -.._- .-.. - 
‘32”~41-- _..,_._ !!L- 

~_______.._ 
“5 nle?LL-- --.2L- 

-- _____ -- . ..___ 
2601ngtkg 39.5 - 

284mg/kg 3 ..---._-_. 
___-- _.-.._ -.--_-. - 

617m@Q 13 - ..-._ -_c- _ 
------- ..- .___.-. --_ 

3~fw!!2~~.~~~3L~S_~ --._ 
__----- ___. -.-_ 

424 ma 34.45 .- ----_---. 
---- --.._-. - ._---- 

23~!L-- 14 - -.-_.-.-_ 
---.--.- ___.._ ---.. 

970 metts-. _ 31.6 --- -.._-.---. 
-_- --_.----. 

4~3W!K..- .23.2- 
- _-__-- 

227mgkg 44.5 -..-_--_ 
--- ---.--- 

900 ma/kg 12.2 - ---._-_-.--- 
-_---.--_-._- --.. -. 

636mg/kg 5.3 



Abundance TIC of 215260-bsbl .d 

wmooo 

12ooooo 

1oooooo - 

Time (min.) 

i 
50 





. 

i 

. 



r 

I I I 
I 

.- -.-. _. .---- _.------- -- r-----l-‘~--’ ,-----+----t-----t-- + ___...-.-.._ I, 
YltaQt Neaprsle lefbo Iut 

I1 __. - -.... - - .--. 

-..._.. -.._ __._ _____ 
._ - _ ___---. --- .--. -___ 
_.. _ ___..._ -- --.-_-. _- 

P!e!F --.._- . ..-- ----- --_ 
._. ._ _ . ..- _..._.... __... 

,~~t~~~!60-. 
~~k;;e‘i-m;~hyl .-.- .- _-.. 

.- ?. --- ._ -._ .-- --- 

ra-~J;T. - .----. .--. - -. -_- - ._ ._ - _- _ 
- .-... -.--.---.---.-.- 

-. .._ --. ._, _._..._-___- 
3~“uanamcalboxylic add . . ..- .._. -___ ________._ ___ 
-. .- .-.- .-- .-.__- - _____ ---- 

radamicacid i -.-- . . - .- _-__- - _.___-.._ -_ .__-.-._ - 
-. . -.. __-_-_- _.__... - 

_ _ - - - _ - 

- '+k&,ji~~$GiF~GiTti --. ___. A.- _.._ _--_. .-- 

.:. 



2:
 0 Q
 

. 

0 

8 c 
. 



. 

. 



._._ __ _ __. .-__ ._-._- ---_ 

MateIial: tufkm potyuethm _-_ - -.._ -_--_-..-_c_--- 

Chemical Compou 

: 

---.I_._ -. __---___ 
thenamine N-nitrcso __.. .- .-.- ‘-. .-.--;--- 

-- ..--..- _-.._ --c---_ 

--. _... -.__- 
2-Butene l- -- .__. --!-. 

_._-_._- .___- 

.-- .._ -__.-_ ___ 
-_..- _-_- 

_ ._ _ __ ._ _ -___-- 



. 

- ------.-..- .~-~u -&....-.$...&> 

____ 

l 

-_--- -._- .-.-. _ _.___._ 

oe,‘z ‘aleN 
._-- .-.. -__ 

- _-.--. 

-------- .-- (;63;i‘ss;s~-- 

..- - -- - 

--a-. -.. *-, ,-,-. -_, 
. 

__ . . . 



c - - c P-
 

c 

. . 


